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Section 1. Silicon species observable in 29Si NMR spectra. 

Table S1. Overview of the silicon species that are observed in 29Si NMR with the respective 

chemical shifts. R is a hydrogen or methyl group, R’ is the propyl chain with a thiol or sulfonic 

acid functionality.  
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Q3 / -103 ppm 

 

Q4 / -113 ppm 
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The observed silicon species are silicon oxides, the specific types are classified according to the 

number of siloxane bonds. Silicon with four oxygen bridges is referred to as quaternary (Q), while 

three oxygen bridges are referred to as a tertiary (T) species. The index represents the number of 

adjacent silicon atoms that are bound via a siloxane bond. R is a methyl group or a proton. A 

further distinction between the different structural motifs of the silicon species as shown in the 

rows of Table S1 was not achieved by NMR. R’ is the propyl chain with a thiol or sulfonic acid 

functionality. A T1 species was not observed.  

  

  

  

      

  

  

  

   
   

     

      

      

      

         



Table S2. Summary of the deconvolution parameters of the 29Si CPMAS NMR spectra. 

 
Chemical shift 

[ppm] 
Area [a.u.] FWHM [Hz] 

PMGB    

Q2 - 93 30000 ± 10000 332 

Q3 - 103 550000 ± 30000 477 

Q4 - 113 590000 ± 50000 915 

PMGB-SH    

T2 - 59 120000 ± 20000 506 

T3 - 68 50000 ± 20000 463 

Q3 - 103 310000 ± 10000 661 

Q4 - 113 310000 ± 20000 663 

PMGB-SO3H    

T2 - 59 90000 ± 10000 613 

T3 - 68 109000 ± 9000 510 

Q3 - 102 210000 ± 10000 645 

Q4 - 113 210000 ± 10000 722 

 

Table S3. Summary of the deconvolution parameters of the 29Si DPMAS NMR spectrum of the 

raw PMGB. 

 
Chemical shift 

[ppm] 
Area [a.u.]  

PMGB    

Q2 - 93 4000 ± 1000  

Q3 - 103 70000 ± 7000  

Q4 - 113 250000 ± 25000  

 

The ratios between Q2 and Q3 species for raw PMGB are similar for CP and DP experiments. In 

both types of experiments, 5% of the species are assigned to Q2, while 95% are Q3.  

 

  



Section 2. Characterization of PMGB, PMGB-SH and PMGB-SO3H. 

Table S4. Textural data from N2 sorption. 

Sample ABET / m2 g-1 Vp / cm3 g-1 wp / nm  
Vp / cm3 g-1 

(microporosity) 

PMGB 106 ± 3 0.21 ± 0.01 14.1 ± 0.4 0.00 

PMGB-SH 70 ± 2 0.18 ± 0.01 12.8 ± 0.4 0.00 

PMGB-SO3H 84 ± 3 0.19 ± 0.01 13.8 ± 0.4 0.00 

 

 
Figure S1. N2 sorption isotherms of PMGB (black), PMGB-SH (red) and PMGB-SO3H (blue). 

 

Figure S2. Pore width distributions from N2 sorption (solid) and from HP 129Xe NMR (dashed) of 

PMGB (black), PMGB-SH (red) and PMGB-SO3H (blue). 

Table S5. Carbon and Sulfur contents of the samples. 

Sample Carbon content / wt.-% Sulfur content / wt.-% 

PMGB 0.14 ± 0.005 0.12 ± 0.01 

PMGB-SH 2.29 ± 0.05 1.78 ± 0.09 

PMGB-SO3H 1.41 ± 0.05 1.03 ± 0.05 
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Section 3. Raman Spectra from Quantum Chemical Calculations. 

 

Figure S3. Simulated Raman spectra for PMGB-SH (red) and PMGB-SO3
- (blue) models. The 

employed molecular structures are shown as insets with the following color coding: hydrogen 

(light gray), carbon (dark gray), oxygen (red), sulfur (yellow), and silicon (grey). 

 

Starting structures for the molecular models of PMGB-SH and PMGB-SO3
- were generated with 

TmoleX1 and are shown as insets in Fig. S2. These structures were optimized using the B3LYP 

hybrid functional2–4 in combination with the 6-31G* basis set.5 For both molecules, all calculated 

vibrational frequencies were positive indicating that the optimized structures correspond to 

minima on the potential energy surfaces. Subsequently, Raman intensities were determined at the 

same level of theory. The quantum chemical calculations employed the Gaussian 16 software 

suite.6  

These calculations reproduced the characteristic peaks found experimentally: For PMGB-SH, the 

S-H stretching vibration is located at 2670 cm-1 and in case of PMGB-SO3
-, an additional peak at 

1037 cm-1 is obtained.  

  



Section 4. Integral equivalents from 13C CP-MAS NMR of PMGB-SH.  

The experiments were performed with different CP contact times to evaluate quantitative integrals.  

 

Figure S4. Structure of MPTMS. R can be either a residual methoxy group or a silicon species. 

 

Table S6. Integral equivalents from 13C CP-MAS NMR with different contact times. 

CP contact time 
C1 

14 ppm 

Collapsed  

C2 and C3 at 30 ppm 

C4 

62 ppm 

1 ms 1.15 1.85 0.52 

4 ms 1.02 1.98 0.38 

8 ms 1.02 1.98 0.41 
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